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The question of the origin of lymphatics continues to incite 
the most animated controversy in the field of anatomy in America 
at the present time. Consequently all observations bearing 
directly upon this problem are eagerly awaited and are received 
with enthusiasm by investigators specially interested in 'it. For 
the last two years the author has focused his attention upon the 
development of the lymphatic vessels in Amphibia with the hope 
of being able to discover an evidence to the solution of that 
problem which could not be controverted by any criticism, and 
incidentally of adding to our as yet fragmentary knowledge of 
the phylogenesis of the lymphatic system. Although such a 
hope may have been too sanguine, inasmuch as the evidence 
offered does not entirely reveal how much fact and how much 
fiction there is in the various hypotheses propounded hitherto, 
the observations reported here differ so decidedly from observa- 
tions made in the past and at the same time fit in so readily with 
them that we trust much has been accomplished towards a speedy 
termination of the dispute. An extensive paper dealing with the 
genesis of the lymph hearts, ducts and sinuses in Amphibia is in 
the process of preparation. Some months, however, will inevi- 
tably elapse before this work is in its final form. It has seemed 
expedient, therefore, to publish immediately for the benefit of 
the writer's co-workers in lymphatic research a partial account 
embodying the central point of his investigations. 
Early embryos of the American and the European common 
toads constitute the chief material of this inquiry. The first 
were collected near Princeton, New Jersey, the second were 
Cost of illustrations in part borne by the Laboratories. 
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gathered in the marshes of the Isar near Munich and prepared 
in Professor Ruckert’s laboratory a t  the Anatomical Institute. 
The specific descriptions in the following pages are based entirely 
upon the specimens secured in Europe and, strictly speaking, 
pertain only to them. The serial sections of the native toad were 
not used extensively because they were prepared first, that is, 
at a time when the writer’s practice in making perfect series of 
yolk-laden Amphibian larvae was still in its trial and error phase. 
Such experimentation, particularly in regard to fixation, embed- 
ding and sectioning, was conducive of better results with the 
second batch of specimens, which were procured last spring2 
while the writer was engaged in study abroad. Mention of the 
methods of technic as well as a review of the work of other in- 
vestigators relating to the formation and growth of lymphatics 
in Amphibia will be reserved for the later article. Bufo em- 
bryos were chosen in preference to frog embryos because their 
mesenchyme appears less scanty and less loose in texture, a 
condition which it was supposed might prove helpful in distin- 
guishing between lymphatic anlagen and tissue spaces. Never- 
theless, it will become evident presently that such a precaution 
was needless. 
L4t the beginning of the inquiry the gaining of exact special 
information was beset with what at  first seemed a very discon- 
certing obstacle, namely, the enormous number of yolk spherules 
which are closely massed in all tissues of the young larvae and 
cover and obscure everything except darkly staining cell nuclei. 
The effort required to follow the development of such material 
with some degree of accuracy exceeds the ingenuity and patience 
expended in the preparation of satisfactory serial sections. Many 
details of the earliest genetic changes cannot be followed with 
certainty until much of the yolk has vanished. But in this 
respect a comparison of young and somewhat older stages will 
yield the important fact that the yolk does not disappear uni- 
formly from the embryonic body. In  other words, the period 
in which the yolk substance is lost is different for the various 
2 April and May, 1913. The manuscript was completed in the spring .of 1914. 
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tissues. Of course this does not necessarily imply that certain 
tissues are more active than others and use up the stored nutri- 
tive supply more rapidly. On the contrary, some may be more 
richly supplied at the outset. Thus organs derived directly 
from entoderm retain traces of yolk much longer than others. 
These considerations suddenly led to the inspiration that the 
presence of yolk might after all prove to be an advantage since 
it might point out the relationship of lymphatic endothelium. 
Such a natural and simple factor, if found and capable of being 
utilized as an instrument of proof, would carry far more weight 
than any possible evidence obtained by the use of special stain- 
ing processes, injections, or other artificial procedure. A critical 
study of the behavior of the several tissues in this respect has 
convinced the writer of the soundness of this principle. Refer- 
ring especially to the head region, which in vertebrate embryos is 
ever in advance of other parts of the organism in degree of devel- 
opment, it was observed that the mesenchyrnal cells dispose of 
their yolk content much earlier than do blood corpuscles and 
vascular endothelia, both haemal and lymphatic. To be more 
specific, in 6 and 7 mm. embryos of the European common toad 
the cephalic mesenchyme is virtually destitute of yolk, while 
the lining of the lymphatic anlagen contains large globules even 
in specimens measuring 9 mm. in length. To the author’s 
mind these facts indicate fundamental differences between the 
two tissues and show that in Amphibia, at least, the lym- 
phatic intima arises not by direct differentiation of mesenchymal 
elements. The idea of similarity of origin but diversity due 
to function cannot be urged against this argument, for at  the 
time when the yolk-filled rudiments of the large cranial lymph 
channels appear the embryonic connective tissue of the same 
region has lost most of its yolk granules. 
Before entering into an interpretation of the appended figures 
illustrating the source of certain lymph vessels, a brief descrip- 
tion of a later embryonic phase, when an effective system of lym- 
phatics is already in existence, is essential to the proper under- 
standing of the narrative. This can best be done by referring 
the reader to Hoyer’s figure 417 in the seventh edition of Wieder- 
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scheim’s “Vergleichende Anatomie der Wirbeltiere,” or to his 
original article which depicts such a condition in a frog tadpole. 
An enormous lymph sinus, probably tantamount to the several 
cephalic subcutaneous sacs of the adult, is seen to occupy almost 
entirely the ventral and lateral territory of the head. On each 
side this reservoir passes backward as a short slender duct which 
opens into the anterior lymph heart, situated in the region of the 
fore-limb bud. A second set of vessels, draining the posterior 
portions of the body, unite cranially to form a single trunk, which 
communicates with the duct coming from the head at  its point 
of entrance into the lymph heart. Besides the chief systemic 
vessels, numerous smaller subsidiary channels and plexuses 
spring from them; but these will not be considered in the present 
paper and may therefore be disregarded. 
The inception of the large ventral cephalic lymph sinus will 
be discussed fully, for in the writer’s opinion it, offers a very 
clear case of the derivation of lymphatic endothelium from the 
lining of blood vascular channels. This lymph vessel is an 
especially favorable object for study not only on account of its 
size, but because it originates in the immediate vicinity of veins 
located in a broad uninterrupted expanse of mesenchyme which 
is loosely woven yet sufficiently abundant in number of cells 
to facilitate an examination and comparison of the r81e played 
by these structures during the formation of it. Figure 1, inserted 
for the purpose of orientation, represents a cross-section of the 
head of an 11 mm. embryo and illustrates the situation of this 
resevoir (1.) relative to other organs. The position also of the 
external jugulars ( j d .  and j . ~ . ) ~  should be carefully noted, for 
the five succeeding plates portray events that take place proxi- 
mately around these veins. Beginning with the stage of the 
almost completed lymph sinus, the territory ventral to the mouth 
cavity (m.c.) in consecutively younger embryos was scrutinized 
with the oil immersion lens. The important revelations are set 
forth in the camera lucida sketches reproduced on plates 1 to 6 
inclusive. To duplicate as nearly as is feasible the course by 
which the data were obtained, the descriptions commence with 
3 Goette called the external jugular (Gruby and Ecker) the inferior jugular. 
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that of a fairly definitive stage in the organization of the sinus 
and then treat of progressively earlier conditions, which may 
subsequently be summarized in a more logical manner. 
In  figure 1 the ventral cephalic lymph sinus (1.) of an 11 mm. 
embryo is shown in section as a wide clear chamber, the periphery 
of which is sharply defined and the cavity is not interrupted by 
partitions. Disregarding the disparity in magnifications, with 
it should be compared the one represented in figure 13, from a 
9 mm. embryo, where it (1.) is seen to be less broad dorso-ven- 
trally and to be crossed wholly or part way by tissue strands (t .  
and 8.). Imagined in its entirety, these trabeculae are very 
numerous and exhibit several variations. Some are proportion- 
ately thick (t., figs. 13 and 14) and are composed of a core of 
mesenchyme (m.) covered with endothelium; others are more 
tenuous, barely stretching across the lumen; and still others 
exist as spurs (8.) of varying lengths which project into it from 
the surface. Furthermore, there are scattered freely through- 
out the cavity small clumps of lightly staining d6bris (d.) whose 
appearance would suggest their being cellular shreds or frag- 
ments of former trabeculae or partitions, which had perchance 
become separated from the walls of the sinus during its formation. 
Such an explanation presents itself as the most credible one. 
Pictured in figure 14 individual yolk spherules are conspicuous 
here and there in the endothelial cytoplasm generally in the 
neighborhood of a nucleus. At this stage the lining cells also 
possess all of the intrinsic qualities of typical endothelia and 
accordingly i t  is an easy matter to distinguish them from the 
stellate mesemhymal cells. 
Figure 12 delineates a little more than the right half of a section 
through the sinus (1.) in an 8 mm. embryo and plainly indicates 
its plexiform character at this period. This is confirmed by an 
enlarged graphic reconstruction4 which shows it to be a network 
of interanastomosing vessels arranged one layer deep in a slightly 
curved plane, and which, viewed from the ventral surface, brings 
to mind a coarsely and irregularly meshed sieve. Followed 
Wax models and graphic reconstructions of crucial stages in the development 
of the lymph hearts, ducts and sinuses of the toad will be pictured in the later 
contribution. 
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throughout its total extent, the sinus is found to be nowhere in 
connection with the veins, although it closely approaches the 
external jugular of each side a t  its extreme anterior limit; nor has 
it as yet established junction with the lymph hearts. 
Plate 4 is representative of conditions observed in a 7 mm. 
embryo. The upper sketch, figure 10, drawn from a section of 
the region eventually occupied by the completed sinus, shows 
this vessel as a double or bilateral rudiment (1.) which does not 
communicate from side to side, but each half is isolated from the 
other and consists of several individual anlagen which are de- 
veloped ventro-laterally of the external jugulars ( j d  and j.s.) . 
In  the lower picture, figure 11, is sketched a highly magnified 
area on the left including the vein (j .~?.)  and three lymphatic 
anlagen (Z., I.) in cross section. One of these is solid, being 
laden with yolk globules, and the larger two are hollow but 
possess walls which are dense and firm. With reference to yolk 
content, the drawing, a faithful copy of the actual state of affairs, 
impresses the distinction between mesenchyme and lymphatics 
so forcibly that further words to the same effect are superfluous. 
Indeed, there are occasional mesenchymal elements which do 
contain yolk, but then it is usually in the form of minute granules 
and is distributed thinly in the protoplasm. Other distinguish- 
ing marks are not so apparent. In  all probability the lymphatic 
endothelial nuclei are on the whole somewhat smaller and more 
compact than those of the connective tissue at this relatively 
late stage, but manifold exceptions are encountered among them 
and consequently the observer would hesitate to emphasize such 
a difference unduly. 
Turning to the next previous stages, 6 and 5 mm. embryos, 
more interesting phenomena were witnessed, which are in part 
reproduced on plates 3 and 2. Figure 7 was drawn from a trans- 
verse section of a 6 mm. specimen to exhibit the features in the 
environment of the left external jugular (j.5.). At this level 
the larger one of the two sinus anlagen (1.) contains a small 
slit-like lumen, the confines of which are thick and are packed 
with yolk spherules. This lymphatic followed from end to end 
was discovered to be applied to the lining of the vein at its ante- 
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rior extremity and then to accompany the vein back a consider- 
able distance, sometimes lying hard against it, at other times 
slightly aloof from it, as displayed in the sketch, and finally 
becoming a solid attenuated cell cord that ends freely in the 
mesenchyme. The smaller sinus anlage, shown in the same sketch 
(fig. 7), stands in similar relations to the vein, but it is less ex- 
tensive than the other, less wide in diameter and discloses fewer 
vacuoles. The two anlagen are strictly independent of one 
another. Beyond their terminations several shorter anlagen 
are met with which are essentially like those described. 
A circumscribed area on the right side of another 6 mm. larvae 
is portrayed in the second drawing, figure 8. Medially a sinus 
rudiment (l.1.) is inseparably attached to the intima of the 
external jugular (j.d.) ; at least no visible boundary line can be de- 
tected between the adjoining walls of the two structures. More- 
over, the lumen of the lymphatic is bisected by a thin cytoplas- 
mic filament which passes from the inner combined venous and 
lymphatic wall to the free outer wall. After extending through 
a number of sections in this manner, the anlage becomes de- 
tached from the vein and pursues its way parallel to it alone 
through the mesenchyme until it bends downward and comes in 
touch with another lymphatic undergoing development on the 
ventral side of the vein. This is clearly set forth in figure 9, 
where the anlage labelled 1.3 is approximated by anlage 1.1, 
which is identical with or, more correctly stated, a continuation 
of the one (1.1) situated on the dextral wall of the blood channel 
in figure 8. Eight sections, each 6 micra in thickness, intervene 
between the two levels. The reader perceives that the lymphatic 
rudiment (1.1) not only severs connection with the vein in this 
short stretch, but it becomes broader and at the hinder level 
(fig. 9) lacks a lumen in consequence of the large yolk corpuscles 
that crowd every available nook and corner in it. This condition 
is true of the greater part of its course. The rudiment 1.3 (fig. 
9) is of brief length, appears behind the level represented in 
figure 8 and possesses a large cavity proportionately, which, 
separated from that of the bloodvessel (j.d.) merely by a thin 
partition, resembles strikingly the extra-intimal spaces existing 
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in mammalian embryos of certain ages. Another anlage (Z.2, 
fig. 8) begins anteriorly as a distinct thickening of the lining of 
the external jugular (j.d.), but after two or three sections it 
breaks loose from the vein and proceeds posteriorly as a compact 
yolk-stuffed endothelial column (Z.2, fig. 9) surrounded by mesen- 
chymal cells. Slightly farther back the same anlage has acquired 
a lumen. After a variable course, in which it lies occasionally 
against the venous intima and now and then buds collateral 
sprouts, it terminates near the posterior niveau of the thyroid 
anlage, just in front of the heart. 
The earliest initial stages in the genesis of the ventral cephalic 
lymph sinus occur in 5 mm. embryos. The sketches on plate 2 
illustrating its inception are representative of the phases observed. 
Figures 2, 3 and 4 must be considered together since they treat 
of the same anlage the origin and character of which they plainly 
depict. In  figure 25 attention should first be directed to the 
endothelium of the external jugular ( j . ~ . )  which is very undulat- 
ing and nodular, each node or protuberance consisting of a cell 
and a cluster of yolk corpuscles. Then, one cannot but be 
impressed by the knoblike appendage (1.) which protrudes from 
the ventral venous wall into the open tissue reticulum. This 
endothelial projection is the anterior end of a developing lymphatic 
channel and, as the figure suggests, arises indisputably by pro- 
liferation from the lining of the bloodvessel. I ts  nucleus in the 
section (fig. 2) does not differ materially from mesenchymal 
nuclei except for the depressions in its contour which are caused 
by the crowding of the yolk bodies against it. A large typical 
stellate tissue cell is shown in the lower left corner of the picture 
(fig. 2). Like a number of such cells, its protoplasm at this 
stage incloses a few scattered yolk granules. Figure 3 represents 
the next successive section in which the lymphatic anlage (1.) 
is joined to the vein ( j . ~ . )  solely by delicate cytoplasmic threads. 
5 Near the left hand margin of figure 2, the lumen of the external jugular ap- 
pears to  be crossed by an endothelial partition. The 
sketch is of a section taken immediately behind the level in which a medial branch 
leaves the vein at  a very acute angle. Hence the strand of endothelium repre- 
sents the point at which the walls of trunk and tributary meet, and the two cavities 
are the lumina of these vessels respectively. 
But this is not the fact. 
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Three sections back,. the diameter of the external jugular ( j . ~ . ,  
fig. 4) has markedly contracted while that of the incipient lymph 
channel has increased. This rudiment is solid from end to end, 
being stuffed with yolk, which attribute sharply demarcates it 
from the embryonic connective tissue. To repeat what has 
been said but a moment ago, the visible differences between 
lymphatic endothelial nuclei and mesenchymal nuclei are too 
trivial at this early genetic period to warrant our emphasizing 
them as positive differential characteristics. 
One of the earliest sinus anlagen observed by the writer is 
shown in section in figures 5 and 6. It is of very brief extent, 
being only as long as the total thickness of four or five sections. 
In  the first (fig. 5) of these two sketches it appears as a compact 
protuberance (1.) on the intima of the right external jugular 
(j.d.). The structure labelled b.c. in the same drawing and which 
at  first glance might be mistaken for another initial lymphatic 
is a blood cell closely pressed against the lining of the vein. In  
very young toad larvae blood cells like vascular walls are abund- 
antly supplied with yolk. Overlooking one section we come to 
figure 6. Here two features should be noted in particular: 
frstly, the blind slit-like space within the lymphatic anlage, 
and secondly, the appearance of a boundary between anlage 
and vein which however is still imperfect since the line of division 
extends only partway. The cavity of the anlage is not in can- 
nection with that of the vein. 
From the data so clearly displayed in the camera lucida sketches 
reinforced by much similar evidence a t  the writer’s command, 
the following generalization or coherent account of the genesis 
of the ventral cephalic lymph sinus can be constructed. In 5 mm. 
embryos, a stage in which the mesenchyme and the vascular 
endothelia of the head already differ to a noteworthy degree in 
the fact that the former is more meagerly furnished with yolk, 
knot-like thickenings occur a t  unequal intervals on the lining of 
the external jugular veins in the direction of their long axis. 
These thickenings, potentially lymphatics, are few in number and 
arise unquestionably as proliferations of the venous intimal cells 
and like them are provided with many yolk spherules which are 
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generally large and lie closely crowded in $he cytoplasm. De- 
pendent apparently on the degree of development, these cell 
aggregations present somewhat different characteristics Some 
have the form of a bulging compact local swelling of the venous 
wall and can be pursued through a few sections only. Others 
are quite as short in extent but manifest one or several small 
crevice-like cavities which it appears never open into the lumen 
of the parent vein. Still others, older doubtlessly, exist as 
comparatively long yolk-stuff ed sprouts, one end of which adheres 
to  the bloodvessel and the other lies some distance aloof among 
the thinly scattered large mesenchymal cells. Such growths, 
at  this time, are solid cell cords for the greater part of their course, 
but between the masses of yolk ill-defined and irregular vacuities 
now and then occur which intimate an intracellular origin. 
Solely superficial differences, if any, can be detected between the 
nuclei of the lymphatic endothelial buds and those of the mesen- 
chyme. The former seem to be denser in chromatic substance, 
although this is by no means diagnostic, for in this regard much 
variation has been found among nuclei according to the mitotic 
phase active at  the time of fixation. A difference which may be 
more pronounced, yet a difference which after all is neither causal 
nor specific but is secondary, is the more frequent occurrence 
in endothelial nuclei of an indented periphery due evidently to 
the pressure of the yolk spheroids upon the nuclear membrane. 
As has been and will be emphasized again, the character which 
visibly differentiates the endothelial from the mesenchymal 
cell in the early genetic stages of the cephalic region is the pres- 
ence of much yolk. From this it is obvious that were both tissues 
devoid of yolk it would scarcely be possible to follow the incipient 
lymphatics through the meshwork of mesenchyme; and even 
though all the details of their formation were known the seasoned 
observer would suffer considerable perplexity in localizing and 
tracing them. On the contrary, with a large quantity of yolk 
present in one of these two tissues and absent in the other, the 
lymphatic anlagen, after they have been once recognized as such, 
can be pursued from section to section with exceeding ease. In  
the sections stained with Kematoxylin and orange G the contrast 
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between the brilliant brownish yellow color of the yolk-rich 
tissue and the blue of the yolk-poor is very striking, and in the 
colored sketches an attempt has been made to express the dis- 
tinction as strongly. 
In  succeeding stages, 6 and 7 mm. embryos, the anlagen of 
the lymph sinus have in the main received a lumen. Their 
confines are still thick and heavy and the contour of the cavity 
is irregular on account of the many large protruding yolk spheres 
packed in the cytoplasm of the endothelium. Frequently 
protoplasmic bridges or trabeculae traverse the cavity from side 
to side and nuclei have been observed to be included in them. 
Such a condition, coupled with the fact that yolk globulesoc- 
casionally lie freely in the lumen of an anlage, would point to 
the derivation of that lumen from intracellular vacuoles by their 
enlargement and coalescence. By this time all of the initial 
lymphatics have grown much in length and have also expanded 
proportionately in caliber. Some of them still retain their 
original junction with the intima of the vein; others have lost 
this connection and exist in the mesenchyme as longer or shorter 
discrete endothelial and yolk-lined fusiform spaces. Other such 
spaces cling to the parent vein almost throughout their entire 
extent and hence bear an extraordinary resemblance to the extra- 
venous spaces of mammalian embryos. Blood corpuscles have 
not been seen in the cavities of these structures; yet this finding 
is not as significant as it might seem, for as the sketches show, 
even in the external jugular veins of the specimens studiedthere 
is a paucity of them as a result apparently of fixation currents 
and contractions. 
The transformation of the discontinuous bilateral lymphatic 
rudiments i&o one broad continuous sinus is a very rapid one. 
During the stages previous to older 7 mm. embryos the anlagen 
had developed chiefly in a longitudinal direction, that is, along 
the cranial portion of the external jugulars, but now they begin 
to germinate collateral sprouts in an oblique direction towards 
the mid-ventral line, especially at the level of the thyroid anlage. 
These sprouts again proliferate buds, the tips of which grow out, 
soon collide and fuse with one another, and their cavities become 
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confluent. Others continue to grow medially until they meet 
those coming from the opposite side. In  this manner a very 
complicated plexus of interanastomosing lymph vessels is estab- 
lished in the ventral territory of the head. This plexus, as 
reconstructions of it show, is remarkable for its regularity and 
symmetry, roughly suggesting the form and extent of the finished 
lymph resevoir. Such a phase has been reached in the younger 
8 mm. embryos. The channels constantly distend and in effect 
the walls of adjacent ones are rapidly approximated so that the 
mesenchyme filling the meshes of the lymphatic network is 
diminished in amount. In older 8 mm. embryos the sides of 
contiguous vessels have met and begin to break down and dis- 
appear a t  the place of coincidence; in this way the plexiform 
character of the developing sinus is progressively obliterated. 
Transverse sections at  this stage show many mesenchymal and 
endothelial strands and partitions crossing the cavity of the 
sinus dorso-ventrally and giving to it a multi-locular appearance, 
which compares favorably with a similar transient phase in the 
embryonic history of the thoracic duct in the pig. Such trabec- 
ulae are still conspicuous in 9 mm. specimens, but later these 
last vestiges of boundaries between originally independent chan- 
nels vanish and leave the sinus a vast uninterrupted lymph 
chamber. 
During these genetic processes, the yolk content of the lym- 
phatic anlagen has suffered marked diminution, and coexistent 
with this change the intimal cell has passed through a gradual 
metamorphosis from the stage of an undifferentiated generalized 
cell t o  that of a specialized endothelial-like cell. In  10 mm. 
larvae a casual yolk spherule may still be found in the confines 
of the sinus, and the lining cells have assumed the features typical 
of all well-formed endothelia. From now on the prime alter- 
ation which the lymph sinus undergoes is the establishment of 
cont nuity between it and the other components of the lymphatic 
channel system; other minor changes are chiefly in the nature of 
growth. But such considerations are beyond the scope and pur- 
pose of this paper, and a discussion of them will be postponed 
until a later date. 
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To forestall the criticism of insufficient data, a few typical and 
decisive stages in the genesis of two other lymphatic vessels will 
be briefly detailed. These stages shall primarily show the occur- 
rence of discontinuity in a developing lymph duct just as the 
developing sinus has shown in the first instance the origin of its 
endothelium from venous intima. The channels to be considered 
are the lymph ducts situated laterally, a pair on each side, and 
exteqded through the entire length of tail and trunk to open into 
the anterior lymph hearts (c f .  Hoyer’s fig. 417, 7th edition, 
Wiederscheim’s “Vergleichende Anatomie der Wirbeltiere ’) . 
For a more precise conception of their place in the anatomy 
of the embryo the reader is directed to figure 15, which pictures 
a little more than the sinistro-dorsal quarter of a section through 
the mid-trunk region of a 9 mm. embryo. The lymph ducts, 
Is. and Li., are seen to be located between epidermis and myo- 
tome (m.s.), the first (Z.S.) near the superior or dorsal border of 
this structure, and the second (Li.) near the inferior or ventral 
border. To make more comprehensive the succeeding sketbhes, 
the relative position and direction of two or three neighboring 
organs should be pointed out. The Wolffian or pronephric 
duct (w.) is intercalated between the lower margin of the muscle 
segment and the dorsal peritoneum or roof of the coelom. Along 
its free walls run two veins which in reality are the medial and 
lateral divisions of but one, the postcardinal. Regarded in their 
longitudinal aspect, the postcardinal divisions are bound to- 
gether by numerous cross-anastomoses, which pass over and 
under the pronephric duct at  unequal but frequent intervals and 
hence produce a cylindrical vascular network which closely in- 
vests this duct.6 The postcardinal vein of each side also give 
off in regular sequence the intersegmental veins (i .~.) ,  every one 
of which supplies chiefly a myotome. 
6 Bccording to Goette (’75) the postcardinal veins in Anura lie medial to the 
pronephric ducts. But the writer can not subscribe to this statemenk uncon- 
ditionally, for it was observed in young toad embryos that the postcardinals 
resemble more nearly those of Urodeles (Hochstetter) where they surround the 
pronephric ducts as vascular sheaths. It is true, the portion of the cylindrical 
postcardinal network lying medially in Bufo is on the whole l a rge rpd  doubtlessly 
constitutes the main channel. But this channel and the portion of the postcardinal 
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In  6 and 7 mm. larvae, the collateral tributaries of consecutive 
intersegmental veins tend to anastomose with one another and 
give rise to a longitudinal channel near the upper border of the 
muscle somites. It is along this vessel that the dorsal or supe- 
rior lateral lymph duct originates. It is formed by the fusion 
of several discontinuous anlagen which evidently are engendered 
by the attendant vein. Figures 16 to 25 inclusive, drawn from 
sections of a 6 mm. embryo, reveal in detail the character of such 
an anlage situated in the posterior half of the trunk, thus far 
removed from the anterior lymph heart. A comparison of these 
sketches with figure 15 will show that topographically this rudi- 
ment lies in the pathway ultimately occupied by the completed 
duct. It is relatively 
long, extending through forty-six sections. It is closely applied 
to the venous wall throughout by far the major part of its course. 
In figure 16 its anterior tip (1.) is indicated some distance dorsad 
of the intersegmental vein (i.~.), but seven sections distally the 
vein'has approached the lymphatic (Z., fig. 17) by bending up- 
ward and backward. After two additional sections the vessels 
are in contact (fig. 18), and it is impossible to discern a boundary 
line between their adjoining walls. During the remainder of 
its course the lymphatic anlage remains attached to the venous 
intima. Four sections back of the level represented in figure 18, 
it (Z., fig. 19) appears on the side of the vein (i.8.) as a lump 
solidly packed with yolk spheres, and as such it continues for 
five or six sections. In  figure 20 the lumen of the anlage (1.) 
is bisected by a broad protoplasmic partition containing a nucleus 
and a yolk corpuscle. In  the ten following sections, one of which 
is illustrated in figure 21, a similar condition prevails. Passing 
over fourteen further sections, we meet with a sprout (fig. 22) 
which is given off dorsally by the lymphatic anlage (Z.), but 
It begins blindly and it ends blindly. 
complex situated laterally are not straight uniform longitudinal channels through- 
out their course, since either one a t  times bends around the proncphric duct, 
fuses with the other on the opposite side for a short distance, then again becomes 
independent and resumes its former position. Thus the separation of the post- 
cardinal vein into a medial and a lateral division is a more or less arbitrary one, 
here instituted for the sake of convenience and clearness in the descriptions. 
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strangely enough it squeezes between vein (i.v.) and myotome 
(m.s.) . Three sections caudad an endothelial nucleus curiously 
protrudes into the lumen of the lymphatic (fig. 23). Seven 
sections beyond this level the anlage has become compressed and 
in transverse section appears as a crescent shaped cavity (Z., 
fig. 24) clinging to the venous lining. Three additional sections 
bring us just beyond its end (fig. 25) ; in fact, it terminates at the 
large endothelial nucleus on the ventral venous wall. In this 
(fig. 25) and the following levels there is no indication of the lym- 
phatic anlage. Between it and the anterior lymph sac one 
hundred and sixty sections intervene, but in this interval two 
similar anlagen occur which, however, are of much shorter length. 
In another younger 6 mm. embryo the longitudinal venous 
channel of the same locality, in which the anlage just discussed 
has its being, pursues its way alone and without a dependent 
structure adhering to its walls, save for a distance of three sec- 
tions where a small lymphatic rudiment (1.) is intimately associ- 
ated with it (i.~.), as indicated in the sketch, figure 26. Its 
appearance brings to mind some of the initial rudiments of the 
cephalic lymph sinus, for instance, one (1.3) shown in figure 9. 
In the foregoing description of two genetic stages of the supe- 
rior lateral lymph duct no mention was made of the mesenchyme. 
It requires but cursory notice, for in the youngest toad larvae 
it is extremely sparse.between trunk myotomes and epidermis ; 
only after the larvae have attained the length of 8 mm. does the 
territory between these two structures expand and the mesen- 
chyme invade it more plentifully. On the other hand, in the 
area in which the formation of the inferior lateral lymph duct 
takes place, that is lateral to the Wolffian duct and the post- 
cardinal, the mesenchyme is considerable even in 6 and 7 mm. 
embryos. Moreover, it loses its yolk content much later than 
does that in the head; yolk bodies may be found in its cells long 
after the rudiments of the lymphatic duct had their inception. 
Thus it is evident that, though the trunk mesenchyme pro- 
portionately contains less yolk than do the endothelia, the pres- 
ence or absence of this substance can not strictly be used as a 
differential character in the development of the lymph duct 
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rudiments in the trunk region. It is clear also that were the 
cephalic mesenchyme more amply furnished with yolk from the 
start and would lose it more tardily, the discovery of the funda- 
mental moment in lymphatic development in toad embryos 
would have been by far more difficult and tedious and the evidence 
less striking. Yet the judicious reader cannot contend for the 
direct mesenchymal origin of the lateral lymph ducts of the 
trunk after he has carefully inspected the figures illustrating their 
anlagen; nor can he, though this remark be irrelevant a t  this 
point, conscientiously claim for them continuity in development. 
The genesis of the inferior lateral lymph duct accompanying 
the postcardinal vein (cf. fig. 15) evinces the actuality of dis- 
continuity in a large developing lymphatic vessel probably more 
forcibly than does the genesis of the two vessels already considered. 
Figure 27 was drawn from a section of a 6 mm. embryo through 
the posterior portion of the anterior lymph heart. From the 
ventro-lateral aspect of the heart ( L A )  a vessel (Z.), the foremost 
anlage of the lymph duct, is given off which at first turns down- 
ward between pronephric duct (w.) and epidermis (ep.)  and then 
backward. After continuing in this direction for eight sections, 
it ends blindly, the termination being shown in figure 28 (Z.). 
Between this and the anterior limit of the next succeeding anlage 
there is an interval of twenty-five sections in which lymphatic 
rudiments or anything resembling them are absent, at  least are 
not in evidence. The territory between pronephric duct, lateral 
postcardinal division and epidermis is in possession of apparently 
only mesenchymal cells as pictured in the sketched section, 
figure 29, which typifies the character of this region. After such 
an interval the blunt tip of a discrete endothelial-lined space 
suddenly springs into view (Z., fig. 30). The next section (fig. 31) 
reveals plainly other salient features of this rudiment (Z.). It 
composes a well-defined and closed cavity, the confines of which 
are strong and firm, and like those of the vein (pZ.) contain many 
yolk globules; in brief, there is no feature, except perhaps its 
large rotund nuclei, which could cause it to be confused with the 
mesenchyme. But the nuclei do not offer a serious hazard in 
the matter, for we have seen that the nuclei of the initial lymph 
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sinus anlagen, as well, resemble mesenchymal nuclei indistin- 
guishably. What lends interest to the case is that the anlage is 
exceedingly short, being limited to six sections, though its caliber 
is proportionately broad. It ends as suddenly as it begins 
(compare figs. 32 and 33 with 30). In its abrupt course it lies 
adjacent to  the vein (p.Z.), and at  its posterior end (Z., figs. 32 
and 33) the two vessels are in contact but their lumina do not 
communicate. Proceeding distally from this level, nothing is 
encountered which might suggest a lymphatic anlage until 
twenty-eight sections have been passed over, where another 
similar endothelial-lined space exists in a similar position. 
Figures 34 and 35 illustrate a rudiment of the inferior lateral 
lymph duct on the right side of another 6 mm. embryo. More 
than fifty sections intervene between the anterior lymph heart 
and the blind anlage (1.) pictured here. In  all notable qualities 
it is like the anlage described and figured last, except that it is 
longer, extending through eighteen sections, and is larger in 
circumference (fig. 34). Near its posterior limit it becomes 
much compressed and flattened out against the venous intima 
to which it is apparently firmly adherent (Z., fig. 35). The 
terminal portion, however, is not attached to the vein (p.Z.) 
but lies slightly removed in the mesenchyme. 
The discontinuous anlagen described above are not isolated 
cases: several such anlagen may be found in all 6 and 7 mm. 
toad larvae, which are the critical genetic stages of the lateral 
lymph ducts. In older 7 mm. larvae these discrete lymph 
vessel rudiments have elongated and by further increment and 
by coalescence are creating continuous channels. Yet it is ex- 
ceedingly interesting to note that the tips or ends of consecutive 
anlagen do not always strike each other squarely; the writer 
has frequently observed the posterior tip of one and the anterior 
of another a considerable distance apart in the same section. In 
other words, the anlagen in their growth and elongation had 
shoved past one another without immediately meeting. Eventu- 
ally they become confluent by the gemmation of lateral sprouts 
or the dilatation of their lumina. This doubtlessly explains the 
irregularity and sinuosity of their course at  an early period after 
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the establishment of continuity. The writer would show figures 
portraying these phases, but the number of illustrations already 
far exceeds his intentions; moreover, such conditions are con- 
cerned more especially with their later deveIopment and will 
receive consideration in the subsequent contribution. At that 
time the profuse plexus or network will also be considered which 
in.8 and 9 mm. embryos is developed between the two lateral 
lymph ducts and from which ultimately the definitive lateral 
subcutaneous lymph vessels of the trunk are, so to speak, 
crystallized. 
The history of science, in fact the history of lymphatic re- 
search alone, has so often shown the fallacy of theorizing from 
insufficient or problematical data and premises, that the writer 
feels little inclination to base upon a simple finding an hypothesis 
that shall attempt to harmonize or properly valuate the work 
of other investigators at variance with his own. Only after 
observation has been corroborated repeatedly or from several 
viewpoints and the demonstration of fact is final can a law be 
formulated which is sound, comprehensive and stripped of all 
opinions and prejudices. Suggestions thrown out, however, to 
give direction to inquiry are ever seasonable and little hesitation 
is felt in expressing poignant ones. The purpose, then, of the 
theoretical considerations in the following paragraphs is neither 
to defend nor to refute any one view of lymphatic development; 
nor is it the aim to effect a compromise between conflicting views 
or to promulgate a new one. Consistent with the conditions in 
Bufo, such considerations are offered as plausible possibilities, 
the truth or error of which subsequent researches on other verte- 
brate embryos will determine. 
If the interpretation of the structures described in this treatise 
is the only possible one as the author believes it to be; if the 
lymphatic system of Amphibia is homologous to that of ot.her 
vertebrate animals as we expect it to be; and if the morphological 
dogma; like structure, like origin, is infallible, as all biologists 
tacitly assume it to be, then the view of the direct mesenchymal 
origin of lymphatics seems to be untenable But not only is this 
theory affected; the opposing one also must certainly be radically 
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modified. If we are to  have agreement in our accepted belief 
of the mode of lymphatic genesis, the two chief antagonistic 
schools of investigators are compelled to re-examine their material 
with a new unbiased attitude, both those who maintain that 
lymph ducts are formed in situ from mesenchyme and discontinu- 
ously, and those who contend for the view of the venous origin 
of such vessels, of their continuity in development and of their 
centrifugal growth and spreading from a few definite foci in the 
body. The idea that strikes the writer primarily is that most 
workers have been deceived as to the time when lymphatic anlagen 
first make their appearance; it is conceivable how structures 
which have been described as the incipient anlagen of a lymph 
duct may already represent a much later phase. The char- 
acteristics which the lymphatic rudiments, discussed in this 
paper, manifest, such as solidity or imperfect vacuolation and 
discontinuity, though venous in origin, irrefutably show that the 
injection method would have been utterly incapable of revealing 
them at this time. Might not the same contention apply to 
the study of lymphatics in other vertebrate embryos, and might 
not anlagen exist long before injections could attest their existence. 
Is most of the other work on lymphatic development exemy)t 
from similar criticism? In their suppositions investigators have 
been more or less led astray by appearances, and in no other 
field of inquiry perhaps do appearances intimate so little of the 
truth. In a previous paper on the development of the thoracic 
duct in the pig embryo, the writer has described and figured very 
definite spaces which lie in the vicinity of the cardinal veins or 
their tributaries and in the path of the future definitive duct, 
and which he believed to be lined by cells mesenchymal in de- 
rivation. This conclusion was r;ached because the intimal 
cells of the thoracic duct anlagen at  their inception visibly re- 
sembled the embryonic connective tissue elements very closely 
in certain seemingly important qualities. In  finding that the 
character which marks incipient endothelium from mesenchyme 
particularly in the head region of young toad larvae is its abund- 
ance of yolk while other cell attributes appear identical, the 
present inquiry has convinced him of other potent possibilities. 
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Are the discontinuous thoracic duct rudiments, like those of the 
ventral cephalic sinus in Xmphibia, derived from endothelial 
proliferations which have severed their connections with the 
parent veins and have acquired lumina, subsequently to meet 
and become confluent with one another to create a continuous 
channel? Is the relation of these isolated cavities to some of the 
confused group of Mayer-Lewis anlagen a much more intimate 
one than has been supposed by most investigators? 
Recently the discussion has centered largely around an in- 
jected and sectioned pig embryo, series no. 23a, of the Johns 
Hopkins University Embryological Collection. Professor Sabin 
originally held' that the developing thoracic duct in this specimen 
was completely filled with the injecta. Some time later the writer 
was given the privilege of examining and describing this particular 
embryo. He pointed out8 the existence of a long, blind, dilated 
space which follows closely upon the injected portion of the duct 
and is sharply demarcated from the neighboring veins as well as 
from the indefinite connective tissue interstices, a contrast 
admirably brought out in the photographs published at  that time. 
Sabin now arguesg that the injection in this case was not a per- 
fect one. She accepts the space as a part of the thoracic duct 
anlage, but assumes, firstly, that it is united with the injected 
vessel by a very frail connection, which, if at all possible, must be 
extremely difficult to distinguish from the surrounding tissue 
reticulum, and secondly, that the pressure of the injection was 
entirely inadequate to force the fluid through the narrow passage. 
Leaving aside a consideration of the contradictory evidence which 
has been explicitly expressed in previous papers,'O the writer 
would ask Professor Sabin, whether her explanation of discon- 
tinuities in an inchoate lymphatic duct is the most likely one, in 
view of the observed conditions in Amphibia. The view of the 
In a rcport before thc American Association of Anatomists, 1thac.a. 1910. 
* Kampmeier; Anat. Rec., vol. 8, no. 5,  June, 1912. 
!I Sabin; Anat. Rec., vol. 6, no. 7, August, 1912, and Johns Hopkins Hospital 
Kamprneicr; Am. Jour. Annt., vol. 13, no. 4, September, 1912, mitl .Inat 
Reports, new series, no. 5 .  
Rer., vol. 6, no, 5. 1912. 
ORIGIN O F  LYMPHATICS I N  BUFO 181 
origin of lymphatic channels from a few very definite centers in 
the organism has been too dogmatically asserted, and those 
investigators who have strongly adhered to it now find it difficult 
to consider exceptions, which, there is a probability, may prove 
the rule. In  an analysis of the researches on the genesis of the 
lympathics we do not find a single really valid objection, based 
on correct interpretation of observations, to discredit the view 
of the origin of a lymph duct from a number of points, that is, 
from mutliple anlagen, which in toad embryos are proliferated 
from the intinia of the vein which the definitive duct accompanies. 
The present findings, in Bufo, then, will permit of a partial 
acceptaiice of both the “centrifugal growth theory” and the 
“discontinuous, in situ mesenchymal origin” of lymph ducts. 
That the lymphatic endothelium, here considered, arises from 
venous endothelium has been shown beyond the shadow of a 
doubt, and the writer consistently, though tentatively, abandons 
the hypothesis of its derivation in other vertebrates from mesen- 
chymal cells, unless their lympathic system is shown to behave 
differently, which is scarcely conceivable. But the other tenets 
of the ‘outgrowth theory,’ such as continuity and centralization 
in lymphatic development, he can not accept, for the present 
observations reinforce strongly the diametrically opposite doc- 
trines of discontinuity and multiple origin. The ventral cephalic 
lymph sinus is a product of the walls of the external jugular 
veins; its anlagen arise not at one point but individually at  
intervals along the entire extent of the cranial division of these 
veins. Even after the lymph sinus has become a single chamber 
by the coalescence of its rudiments, it  remains as a blind reservoir 
until a relatively late stage when it joins the lymph hearts. The 
lateral lyniphatic ducts of the trunk, too, do not spring from one 
center but are formed and acquire continuity by the fusion of a 
number of anlagen, which originate along the postcardinals and 
their dorsal tributaries, the intersegmental veins. To satisfy 
the ‘outgrowth theory,’ the lymphatic vessels mentioned, the 
sinus and at least the anterior half of the lateral ducts, should 
develop as continuous growths from the anterior lymph hearts, 
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which corrmpond, as the writer will show in the later paper, to 
the two anterior centers, the jugular lymph sacs, in Mammalia. 
Finally, a certain peculiarity in the development of lymphatic 
channels in Bufo has suggested a possible homology between the 
incipient anlagen here observed and peri-venous lymphatic 
spaces first discovered and described by Huntington and McClure 
in cat embryos.11 Opponents of this view of lyniphatic formation 
maintain that such spaces are artificial, clue to shrinkage, though 
adequate proof to uphold this contention is not forthcoming. 
As has been shown in the figures, there occur in certain stages of 
the toad larvae hollow lymphatic anlagen which hug the vein 
closely and consequently resemble extra-intimal spaces, but which 
have been shown to be really intra-intimal in nature since their 
lumen arises as a vacuolation of the endothelial proliferation. 
Might not a similar condition be found to prevail in mammalian 
embryos were the genesis of extra-intimal spaces followed back 
far enough? 
In  the writer’s judgment, it  is only by carrying out extensive 
and minute cytological studies in all classes of vertebrate embryos, 
to determine specific cell character and behavior of both mesen- 
chyme and endothelium during the very early genetic stages, 
that we can arrive most surely and quickly at a uniform and com- 
prehensive conception of lymphatic development and can mea- 
sure the amount of truth and the number of fallacies inherent 
in the several respective theories hitherto advanced. This may 
prove to be an arduous task inasmuch as a natural and peculiar 
diagnostic trait, like that of yolk content, to distinguish incipient 
lymphatic intima from mesenchyme, probably does not exist in 
embryos other than Amphibian, but by the invention and appli- 
cation of different staining methods the results would perhaps 
be quite as surprising. 
11 Huntington and RlcClure; Am. Jour. Anat., vol. 6,  1907, Anat. Rec., no. 3. 
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APPXNDIS 
At the time when the foregoing observations had already been 
made, a reprint of a preliminary report by S. Fedorowicz on the 
development of the lymph vessels in the larvae of Anura fell into 
the writer’s hands. (Untersuchungen iiber die Entwicklung der 
Lymphgefasse bei Anurenlarven. Vorlaufige Mitteilung. Ex- 
trait du Bulletin de 1’;lcademie des Sciences de Cracovie, June, 
1913. S. Fedorowicz). Although his observations pertain to the 
development of the posterior lymph hearts in Bufo, he expresses 
a view essentially similar to that advanced in this treatise. The 
fact that two investigators have arrived at the same conclusions 
independently of each other gives additional weight to their 
work. Since Fedorowicz has the priority, the writer gladly 
submits this contribution in corroboration of his work. 
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All of the sections from which thc following illustrations were made are stained 
with hemntoxylin and orange (+ and arc six microns in thickness. Figures 2 t o  9. 
11, and 16 to 26: inclusive are carrierit lucida sketc:hcs drawn with :t 2 mm. oil immer- 
sion objective and a no. 8 ocular. Figures 1, 10, 12 t,o 1.5, and 27 to  35 were pro- 
duced with the aid of t'he Edingcr I'rojection Apparat'us. All of t'hc figures were 
drawn as ne:irly :is WVRS possible at one plnnc of focus or optical section. 
1 Trsnsierse section of a 11 mni. toad embryo through the head a t  the lexel 
of thr eye. Series 3.5, slide 1, row 9, section 5 .  X 1.50. Reduced t o  X 75. 
ItEFKREhXEH 
l . ,  ventral cephalic lymph sinus 
Z.Z., 1.1., lateral extensions or wings of 
the sinus which arc joined to  it fur- 
t h r  forwnrd 
,j.d., .j.s., right and left external jugular 
w . c . ,  moubh cavit,y 
veins 
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EXPLAh-ATION O F  FIGURES 
2 to  6 Five transverse sections of a 5 nim. toad embryo through a srriall portion 
of the ventral region of the head t o  show the initial anlagen of the lymph sinus. 
Series 25. X 1100. 
REB’ERENCES 
Z., Z., sinus anlagen 
j .d ,  j .s . ,  right and left external jugular 
t . j . ,  jugular tributary (scc footnote 5, 
page 168) 
veins b . c . ,  blood corpuscle 
2 and 3 Successive sections from the left side. 
4 From tlic same side, tlircc scctions caudad. 
Slide 1, roil- 4, sections 19 and 
20. 
Slide 1, row 4, section 23. 
Compare the lymphatic rudiment (1) with the mescnchymc in rcgard to  yolk, 
and note its solidity. 
5 and 6 Slide 1, row 4, sections 
18 and 20. 
Two  alternate scctions from the right side. 
Ohscrvc t h r  cavity of tho lymphatic (1) in the second sketch. 
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PLATE 2 
6 
ICXl’LAh7ATIOX OH FIGLJRES 
7 ‘1 r:msvevsc section o f  a 6 inin. toad embryo through the sinistro-ventral 
region of tlw he:rtl. Fcricas 54, slide 1, row 4, section 8. X 1100. 
IlEF’ERENCES 
I . ,  sinus anlagen 
j . s . ,  left cxt,ernal jugular vein 
8 and 9 ‘1 r;insv(me scbcl.ions of :mother 6 rnm. t,oiLd embryo tlirorigh the dextro- 
Frries 53, slide 1, row 5 ,  section 13, and row 6, section v c n t d  region of tlir head. 
4. X 1100. Figlit sections int,cr\me bctweeii thme two lrvcls. 
ItEBE:ltl’:N(’ES 
1.1, 1.2, 1.3, sinus anlagen 
, j .d . ,  right cxtcriial jugular vein 
t .~j . ,  w i l l  of :L tribiit.:ir-y cut. tangcnt~i:dly 
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PLATE 4 
EXPLANATION OF FIGURES 
10 Transverse section of a 7 mm. toad embryo through the ventral region of 
the head. 
11 A smdl ftrca m a r  the lower left corner of the same section (fig. 10). 
x 1100. 
Series 52, slide 1, row 4, section 5 .  X 300. 
REFERENCES 
j d ,  j . s . ,  right and left external jugular l., Z., sinus anlagcn 
veins m.c., mouth cavity 
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PLATE 5 
FSPLAiCATION OF I”IGUR).:S 
12 Transvcrse section of an 8 mm. toad embryo through a little more than the 
Series 27, slidc right half of the t,erritory vent,r:tl t,o thc mouth cavity (cf. fig. 1) .  
1, row 5, section 8. X 500. 
ItlCF)>REN(!ES 
1. to  Z., plexiforni anlage of sinus 
j .d . ,  right external jugular vein 
e x . ,  right externnl carotid artery 
~ Z . U . ,  muscle anlagen 
13 Transvcrse section o f  a I, mm. toad cinbryo through thc: ventral region of 
the hcad. Serics 2> slidc 1, row 8,. scction 5.  x 300. 
IlEFEREN(!ES 
1.; multilocular anlage of sinus 
t . ,  s., tissue stritntls and t,laheculae, vcins 
j -d. ,  j . s . ,  right and left e x t e n d  jugular 
r u  c., mouth cavity remnants of walls bct,xrrn originally 
intlepentlcnt~ chwnncls 
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EXPLAX4TIOS O F  FIGURE 
14 A small portion of the section shown in figure 13. x 1100. 
HbFERENCES 
Z., lumen of sinus d . ,  cellular dkbris, probahl\ I estigps 
t . .  s.,  tissue spurs and t,rahrc.iilnc, of former partitions 
in., mesencliymal rell 
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EXPLASATION OF FIGURES 
15 Transverse section of a 9 mm. toad embryo through the middle of the 
trunk. Series 2, slide 3, row 7, section 2 .  X 150. 
REFERENCES 
Z.S., Z.i., superior and inferior lateral 
i.v., intersegmental vein 
p . m . ,  p.Z., medial and lateral divisions 
w., Wolffian or pronephric duct 
m.s., muscle segment 
lymphatic ducts of the postcardinal rein 
16 A small area of a section of a 7 mm. toad embryo through the left mid trunk 
region. Series 52, slide 3, row 4, section 16. X 1100. 
REFERENCES 
/., anterior tip of a blind anlage of the i . ~ . ,  intersegmental vein 
developing superior lateral lymph e p . ,  epidermis 
duct ms., mgotomc 
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EXPL4\-ATIOi% OF FIGURES 
17, 18, 19, 20, 21 and 22 Translerse sections t o  show different levels of the 
Series 52, slide 3, row 4,  lymphatic aiilage the t ip  of which is pictured in figure 16. 
section 24; row 5,  sections 2, 6 ,  9, 11; row G ,  section 1 .  X 1100. 
REFERENCES 
Z., anlage of the superior lateral lymph i . v . ,  intersegmental vein 
712.9 . mvotoinc 
duct pp., epidermis 
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21 
PLATE S 
22 
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EXPLSSATION O F  FIGURES 
‘L3, 24 and 25 Transverse sections to  show three additional levels of the lym- 
phatic rudiment illustrated in tjhc sketches on plate 8. Series 52 ,  slide 3, ron- 
6, sections 4, 11, 13. X 1100. 
26 Transverse section of a 6 mm. toad embryo through approximately the 
same region (ef. figs. 17-25) to  show an earlier condition, evidently, of the superior 
lateral lymph duct. Series 53,  slide 4, row 5, section 17. X 1100. 
REFEIWKCES 
Z., adage of superior lateral lymph tluct 
i . o . ,  intersegmrntal vein 
e p . ,  epidermis 
m.s., muscle segment 
27 Transvcrsc section of a 6 m n .  toad embryo at tjlie level of the left anterior 
lymph heart. Series 53, slide 3, row 3, section 13. x 1100. 
REFERENCES 
Z.h., posterior portion of thc tlntcrior 
I . ,  anterior extent of the tierehging 
i . r . ,  intrrseemental vein e p . ,  epidermis 
p.m., p.L,  medial and la toa l  divisions 
lymph h e : d  of the postcardinal 
b.c., blood corpuscies 
inferior lateral lymph durt c.c., coclomic cavity 
~z.s., muscle segment 
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PLATE 0 
27 
‘Lo 1 
EXPLANATION OF w x r L t E S  
2.8 Transverse section a, short distance behind the left lgniph heart indicated 
in figure 27. Series 53, slicie 3, row 4, section 3. x 1100. 
REFERENCES 
l., extreme posterior tip of the anterior p.a., dorsal anastomosis connecting 
anlage of the inferior lateral lymph 
duct, shown in figure 27 :ts a ventral 
sprout of the lymph heart 
p.Z., lateral division of the postcardinal 
the two postcardinal divisions 
b.c., blood corpuscles 
cp. ,  epidermis 
w., pronephric duct 
REFERENCES 
29 Eighteen sections caudad of the level representctl by figure 28. X 1100. 
Series 53, slide 3, row 5, section 4. 
m.,  mesenchymal cells; no indication 
x 1100. 
p a . ,  ventral postcardinal anastomosis; 
other explanations the same as abow of a lymphatic anlage 
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PIATE 11 
EXPLAN.ITIOii~ O F  FIGURES 
30 and 31 Successive sections after an interval of nine sections behind that 
pictured in figure 29. Series 53, slide 3, row 5,  section 12. X 1100. 
REFERENCES 
Z., discontinuous nnlnge of the infcrior 
lat.eral lymph duct; figiiro 30 shows 
the anterior tip 
c,:rrtlinal divisions 
p.a., dorsal anastomosis betwecn post- 
cardinal divisions 
tu., pronephric duct 
/ ) . I ! / . ,  p.Z., rriedixl and lat,er:tl post- q., epidermis 
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PLA4TE 12 
EXPLANATION O F  FIGURES 
32 and 33 Consecutive stvtions after an interval of four sections posterior t o  
Series 53, slide 3, row 5, section 16; row 6, section 1. those represented on plate 12. 
x 1100. 
REFERENCES 
l . ,  discontinuous anlagc of the inferior w., pronephric duct 
p a ,  dorsal anastomosis between post- 
lateral lymph duct. Figure 33 shows e p . ,  epidermis 
the extreme posterior tip 
p.Z., lateral postcardinal division 
c.c., coelomio cavity 
c:irrlinal divisions 
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EXPLANATIOK OF FIGURES 
34 and 35 Transverse sections of another G mm. toad embryo through the right 
X 1100. side of the mid trunk region. Series 54, slide 3, row 3, scctions 4 and 10. 
REFERENCES 
l . ,  discontinuous anlagc of the right 
inferior lateral lymph duct. Thc b.c., blood cells 
last figure shows the anlage clinging 
to  the venous val l  
p.m.,  p.Z., mcdial and lateral post- 
cardinal divisions 
p a . ,  dorsal postcardinal anastomosis 
e p . ,  epidermis 
zu., pronephric duct 
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